Background: The relationship between negative ulnar variance and Kienböck's disease is unknown and does not justify all of the cases. The present study planed the hypothesis that maybe the pressure from distal structures to the lunate bone plays a role in the etiology.
Background
Kienböck's disease (KD) is the lunate bone osteonecrosis that causes complete degeneration of the bone in the late stages leading to wrist osteoarthritis. Despite various surgical treatments performed on patients, studies could not find significant difference among these methods (1) , showing that the etiology of KD is still unidentified.
Among the most important reasons discussed in the literature so far, negative ulnar variance, arterial ischemia, trauma and occupational factors are considered as the etiology of KD more than others (2) . Nevertheless, none of these factors is proven or rejected. Despite the popularity of the lunate overload theory caused by the negative ulnar variance, some cases cannot be explained by this theory. Two meta-analyses conducted in this field showed that there is not enough evidence to prove such a relationship (3, 4).
Objectives
In an attempt to find another factor to be both in line with the lunate overload theory and justify zero or positive ulnar variance cases, the authors investigated the possibility of a relationship between the third metacarpal and capitate lengths and KD.
Methods
The study was approved by the ethical committee of Iran University of Medical Sciences, and the X-rays of 111 patients with KD, underwent surgery in Shafa orthopedic hospital from 2009 to 2015 were reviewed. The diagnosis was made according to the X-ray and magnetic resonance imaging (MRI) findings. Among the patients, 91 cases with established KD and a good quality standard posteroanterior (PA) X-ray images were included in the study.
The Lichtman classification was used for staging (5 Table 1 .
According to the hospital protocol, the wrist PAX-ray is performed by Schreibman method (6) with a 90 degrees abduction of the shoulders, 90 degrees flexion of the elbow, and a neutral position of the forearm.
Magnifier of the picture archiving and communication system (PACS) is applied to find the bone markers more accurately.
For a few patients, the radiography had been taken as plane X-ray. For these cases a 2.5* loupe magnifying glass and a caliper with 0.1 mm accuracy was used to measure bone markers. To make sure that the measurements had identical calibration in both plane X-ray and PACS system measurements were compared in 20 patients X-rayed both systems. A constant difference was observed between the two methods that decreased to ± 0.15 mm with acceptable intra-observer reliability through defining a corrective coefficient in the computer software.
Bony Landmarks
Three measurements were performed on each X-ray; the capitate and the third metacarpal lengths along their long axes and ulnar variance measurement through Palmer method (7).
While measuring the third metacarpal and the capitate lengths, authors noticed variations in the X-ray of distal pole of the capitate and the proximal base of the third metacarpal which could disturb the measurements up to 1 mm in each region ( Figure 1) . Therefore, the intersection between the capitate and the metacarpal axes were used with the line that was farther from the carpometacarpal joint.
No exact landmark had been specified for these regions in the articles which measured the third metacarpal and capitate lengths (8) (9) (10) (11) (12) (13) . Therefore, a pilot study was conducted to define a bone marker with acceptable intraobserver reliability.
As shown in Figure 1 , the third metacarpal and capitate anterior and posterior edges do not overlap most of the times and resemble two separate parallel lines. Of these lines, two central lines, closer to the carpometacarpal (CMC) joint, do not have clear-cut edges but farther lines are almost always clear. The intersection of the two bones axes with the line farther from the joint was determined as a reference point.
Measurements were performed twice by senior author on 20 X-rays (10 patients with Kienböck's disease and 10 normal subjects) at intervals of one week to make sure about the intra-observer reliability of the reference points. The variation between the two measurements was ± 0.16 mm which was acceptable (kappa value = 0.78).
Considering that the third metacarpal and the capitate length ratios in the present study ( Figure 2 and Table 2 ) and those of the other studies (8, 9) , follow a linear relationship and a meaningful regression formula, the current study defined a new index called capitate-index. Capitate-index was calculated from dividing the capitate length by the 3rd metacarpal length. This index was also used to compare the two groups. 
Statistical Analysis
The variables were transferred into the computer software. The T-Student test was used to compare the means and One-way ANOVA to compare the patients with Kienböck's disease and ulnar variance ≥ 0 and also patients with ulnar variance < 0, with those of the control group.
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Shafa Ortho J. 2016; 3(3):e5659. A P-value less than 0.05 was considered statistically significant.
Results
Measurements were performed on the wrist PAX-rays of 91 patients with KD and those of 105 individuals selected as a control group. The means of the capitate length, the third metacarpal length, the capitate-index, and the ulnar variance values were compared in both groups.
According to Table 3 , no significant statistical difference was found between the patients and the control group in terms of the third metacarpal and capitate lengths. Also, there was no meaningful difference between the two groups regarding the capitate-index. The only significant difference was the negative ulnar variance in the Kienböck's group. As illustrated in Table 4 , there was no meaningful difference between the control group and the two groups of patients with ulnar variance ≥ 0 and ulnar variance < 0 in terms of the performed measurements.
Discussion
There was no consensus regarding the etiology of KD. Since 1928 that Hulten published his classic study on relationship between ulnar variance and KD (14) , the lunate overload in ulnar minus cases were the most popular theory in this context (15, 16) . However this theory was questioned by D'Hoore et al. reviewing 52 patients with KD. They found no significant statistical relationship between ulnar variance and KD (17) .
Others studied the intraosseous pressure of the lunate with wrist motion and found greater pressure by 40 mm Hg in wrist extension that might be a risk factor for KD (18) .
Other investigators found that the radial slope and radial inclination had a significant effect on transmitted force to the lunate (19) .
Following these lunate overloading theories as mentioned above, the authors proposed the possibility of a relationship between an increased length of the capitate and the third metacarpal bones and the KD, which if proven, would justify the static and dynamic pressures on the lunate.
This idea arises from the studies that show the greater the capitate and the third metacarpal lengths, the stronger the grip strength (8) . Thus, there is a possibility that increasing the third metacarpal and capitate lengths lead to an increase in static or dynamic pressures imposed by the 3rd ray on the lunate and vulnerability to KD. Although the capitate shortening procedures recommended in the joint level or ulnar plus patients (20) (21) (22) (23) (24) , there was no study investigating whether the capitate length of these patients was greater than those of normal individuals or not.
However, the current study could not find any significant differences between patients and the control group regarding capitate or 3rd metacarpal lengths. The only significant difference was the negative ulnar variance in the patients group; similar to many other studies. Given that lunate overload does not show all aspects of KD; perhaps it is time to focus more on the biological factors such as vascular factors which are not directly related to trauma or over pressure on the lunate (25) .
However, defining more meticulous reference points to measure the third metacarpal and capitate lengths is one of the strengths of the present study which was not noticed previously in normal wrist anatomic and radiologic studies (8) (9) (10) (11) (12) (13) .
Although these new reference points were checked in a pilot study and acceptable intraobserver reliability was observed, considering its importance in carpal height ratio and other wrist measurements; it is essential to investigate larger samples and make sure about both interobserver and intraobserver reliability of these parameters.
